Objectives: To determine the risk for bacteremia, in the post-Haemophilus influenzae type b era, in a prospective cohort of well-appearing febrile children 3 to 36 months of age with no obvious source of infection; and to compare the predictive abilities of objective criteria in identification of children with occult pneumococcal bacteremia from those at risk.
(79%). A total of 149 blood cultures contained pathogenic organisms, indicating a rate of occult bacteremia of 1.57% (95% confidence intervals: 1.32%-1.83%). White blood cell count and absolute neutrophil count were the best predictorsforoccultpneumococcalbacteremia.Usingawhiteblood cell count cutoff value of 15 cells ϫ 10 9 /L (sensitivity, 86%; specificity, 77%; and positive predictive value, 5.1%) would result in the treatment of approximately 19 nonbacteremic children for each bacteremic child treated.
Conclusions:
The prevalence of occult bacteremia in children 3 to 36 months old with temperatures of 39.0°C or higher and no obvious source of infection is 1.6%. The white blood cell and absolute neutrophil counts are the most accurate predictors of occult pneumococcal bacteremia and when available should be used if presumptive antibiotic therapy is being considered.
Arch Pediatr Adolesc Med. 1998; 152:624-628 T HEAPPROPRIATEmanagement of the young febrile child remains an area of great debate. Althoughmostchildrenwith fever have self-limited viral infections, previous studies have suggested that3%to5%ofwell-appearingchildrenwith no obvious source of infection will have occult bacteremia, and that about 10% of children with bacteremia will develop more severe illnesses such as sepsis, meningitis, pneumonia, osteomyelitis, and septic arthritis. 1, 2 Appropriate antimicrobial therapy administered to children at risk for bacteremia reduces the incidence of sequelae, [3] [4] [5] but distinguishing children with bacteremia from thosewithself-limitedviralillnesseshasbeen quite difficult. 6, 7 In fact, by definition, a child with occult bacteremia is clinically indistinguishable from the well-appearing febrile child (or the bacteremia would not be occult). Because clinical judgment has been used to prescreen patients before entering "occult bacteremia guidelines," such guidelines have relied on additional objective aids to diagnosis such as the white blood cell count (WBC). Published practice guidelines calling for empiric ceftriaxone therapy of selected children with WBC counts of 15 ϫ 10 9 /L or greater deemed at risk for occult bacteremia 8 have recently been challenged. Specifically, recent commentaries have advocated that treatment be either withheld entirely or administered only to children with a WBC count of 20 ϫ 10 9 /L 9 or greater. 10 The purposes of this article are 2-fold: (1)todeterminetheprevalenceofoccultbacteremia in a cohort of febrile children 3 to 36 months of age after the introduction of the Haemophilus influenzae type b conjugate vaccine and (2) to provide data from which to assess the risk of Streptococcus pneumoniae bacteremiainwell-appearingyoungchildren, so that proponents of antibiotic administration to selected febrile children are able to choose optimal criteria.
RESULTS

STUDY POPULATION
There were 199 868 patient visits to the ED from January 1, 1993 , to December 31, 1996 . Children between the ages of 3 and 36 months accounted for 70 142 of the patient visits (35%) to the ED. No temperature was recorded for 2193 children (3%) and these patients were excluded from the study. Of the remaining children who were 3 to 36 months of age, 15 912 (23%) had a temperature of 39.0°C. After excluding patients, as defined, 11 911 patients remained who were considered at risk for occult bacteremia. The 3 most common diagnoses were otitis media (n=4200), fever (n=3228), and unspecified viral infection (n=2896).
Of these 11 911 patient visits to the ED, 8974 (75%) had a complete blood cell count done and 8782 (74%) had a differential cell count performed. A manual differential cell count was performed in 7471 (63%) and an automated differential cell count was completed in the remainder of patients. Blood cultures were drawn in 9465 (79%) of the patient visits. Blood cultures were less likely to be drawn when a diagnosis of otitis media was made (71% vs 84%, PϽ.01). Of 246 blood cultures from which organisms were isolated,
PATIENTS AND METHODS
POPULATION
The following prospectively gathered information regarding patient visits to the emergency department (ED) of an urban, tertiary care, children's hospital with 24-hour, pediatric emergency medicine-trained attending coverage was obtained from thecomputerizeddatabaseatthehospital:medicalrecordnumber, ED encounter number, date of birth, date of visit, sex, race, chief complaint, temperature at initial evaluation, disposition (admitted to the hospital or discharged to home), diagnoses, WBC, differential cell count, and blood culture results.
STUDY POPULATION
Patients treated in the ED between January 1, 1993, and December 31, 1996, were considered initially for inclusion in our study population of subjects at risk for occult bacteremia if they were between 3 and 36 months of age and had a triage temperature of 39.0°C or higher recorded in the ED by rectal or tympanic measurement. Subsequently, we excluded children who were (1) admitted to the hospital, transferred to another facility, or died during the visit; (2) discharged with a diagnosis of a specific viral infection (croup, bronchiolitis, varicella, Coxsackievirus, herpangina, or stomatitis); (3) diagnosed with a focal bacterial infection, other than otitis media (pneumonia, abscess, cellulitis, meningitis, sinusitis, osteomyelitis, pyelonephritis, lymphadenitis, cholangitis, mastoiditis, impetigo, scarlet fever, streptococcal pharyngitis, or urinary tract infection); (4) known to have a chronic illness or known immunodeficiency that would alter the approach to febrile illness such as leukemia, agranulocytosis, aplastic anemia, arteritis, renal transplant, congenital heart anomalies, congestive heart failure, cystic fibrosis, human immunodeficiency virus infection, Lyme disease, Kawasaki disease, nephrotic syndrome, and sickle cell anemia. Laboratory tests were performed as part of the ED visit in accordance with the standard protocol in the department for patients meeting risk criteria for occult bacteremia. Children with otitis media were included because previous publications have documented a similar rate of occult bacteremia regardless of the presence of otitis media. The data were analyzed with and without these children to confirm that this was true of our population.
CHART AUDIT
To ensure the accuracy of the data derived from the database, we audited consecutive records from all visits during the first week of each month of 1996. We additionally reviewed these medical records for evidence of recent antibiotic therapy or immunization within the previous 48 hours.
DEFINITION OF INFECTIONS
True-positive cultures were defined as group A streptococci, group B streptococci, Haemophilus influenzae type b, Neisseria meningitidis, Salmonellae species, and Streptococcus pneumoniae.
LABORATORY METHODS
White blood cell counts were performed using Bayer Technicon H 3 Systems (Bayer Diagnostic, Tarrytown, NY) equipment. Blood cultures were performed using a recommended 1 to 3 mL of blood in a BACTEC PEDS PLUS media bottle and were read visually and by BACTEC NR660 equipment or BACTEC PEDS PLUS/F culture media and the model BACTEC 9240 continuous-monitoring system (Becton Dickinson, Tarrytown, NY). Anaerobic cultures were not routinely obtained.
DATA ANALYSIS
Five variables were evaluated for univariate association with occult pneumococcal bacteremia: age, temperature, WBC, absolute neutrophil count (ANC), and absolute band count (ABC). The manual differential cell count was used to obtain values for the ANC and ABC. If a manual differential cell count was not available, the results of the automated differential cell count were used in our analysis.
Age and temperature were considered categorical variables for the purposes of statistical analysis while WBC, ANC, and ABC were analyzed as continuous variables. Categorical variables were analyzed with the 2 tests and univariate logistic regression. Means of continuous variables were compared using the Student t test. Continuous variables were also analyzed independently using logistic regression. Confidence intervals (CIs) were calculated for rates and proportions. 11 Sensitivities and specificities were calculated for each variable at different cutoff values and receiver operating characteristic (ROC) curves were constructed. 12 The ROC plots may be compared using both qualitative and quantitative methods. On visual inspection, an ROC plot lying above and to the left of another plot indicates greater diagnostic accuracy. A quantitative global measure of the diagnostic accuracy of a laboratory test is the area under the curve (AUC). Values range from 0.5 (a test with no discrimination) to 1.0 (a test with perfect discrimination). For each ROC curve, the AUC and SE were calculated using nonparametric methods. To compare 2 independent curves, the 2 test was used to assess any statistical difference between 2 curves. 13, 14 Statistical analyses were performed using Stata 5.0 for the Macintosh computer. 15 Permission to review patient records was granted by the institutional review board.
149 were considered pathogens: S pneumoniae in 137 (92%), Salmonella species in 7 (5%), N meningitidis in 2 (1%), group A streptococci in 2 (1%), and group B streptococci in 1 (1%). Haemophilusinfluenzaetypebwasnotisolatedfromtheblood of any of these children. The prevalence of occult bacteremia in this population of 9465 children 3 to 36 months of age with a temperature of 39.0°C or higher and no obvious source of infection is 1.57% with a 95% CI of 1.32%-1.83%. Of those children with positive findings on blood culture, the most common diagnoses were fever (n=78), otitis media (n=46), and unspecified viral infection (n=19). Occult bacteremia occurred in 1.55% (95% CI: 1.11%-1.99%) of children with otitis media compared with 1.59% (95% CI: 1.28%-1.89%) of children without otitis media. The risk of occult pneumococcal bacteremia alone is 1.45% (95% CI: 1.21%-1.69%). Occult pneumococcal bacteremia occurred in1.48%(95%CI:1.05%-1.92%)and1.43%(95%CI:1.14%-1.72%) of children with and without otitis media, respectively. Because there was no significant difference between the groups, patients with otitis media were included in subsequentanalyses.Allsubsequentanalyseswillfocusonpneumococcal bacteremia alone. Table 1 describes characteristics of patients with and withoutoccultpneumococcalbacteremia.Patientswithpneumococcalbacteremiawerefoundtohavehighertemperatures, WBCs, ANCs, and ABCs than those without bacteremia.
UNIVARIATE ANALYSIS
The risk of occult pneumococcal bacteremia was significantly lower in the 3-to 6-month-old age group than in older age groups (Figure 1) . The 3-to 6-month-old age group had an odds ratio (OR) for pneumococcal bacteremia of 0.22 (95% CI: 0.07-0.71) compared with the 12-to 24-month-old age group. The 6-to 12-month-old (OR 1.06; 95% CI: 0.73-1.55) and 24-to 36-month-old (OR 0.75; 95% CI: 0.46-1.23) age groups showed no significant differences in the odds ratios when compared with the 12-to 24-month-old group. Figure 2 shows an increased prevalence of bacteremia at higher temperatures. When compared with the 39.0°C to 39.4°C temperature group, the 40.0°C to 40.4°C, 40.5°C to 40.9°C, and 41.0°C to 42.0°C temperature groups showed significantly higher risks for bacteremia with ORs of 1.90 (95% CI: 1.13-3.21), 2.6 (95% CI: 1.5-4.5), and 3.7 (95% CI: 1.9-7.3), respectively.
Rates of bacteremia also increased with increasing values of WBC, ANC, and ABC. Univariate logistic regression for each of these variables showed significant association with occult pneumococcal bacteremia (Pearson 2 probability for goodness of fit Ͼ0.99 for WBC, ANC, and ABC).
ROC CURVES
Receiver-operating characteristic curves were constructed for temperature, WBC, ANC, and ABC (Figure 3) . The measured AUCs for WBC (0.88 ± 0.01) and ANC (0.89 ± 0.01) were significantly better than those for ABC (0.74 ± 0.03) or temperature (0.62 ± 0.03). There was no difference between the ROC curves for WBC and ANC (P = 0.22), but both exhibited greater accuracy than the ROC curves for ABC or temperature (PϽ.01). Table 2 shows risk profiles for occult pneumococcal bacteremia using incremental cutoffs of WBC and temperature.To select a decision threshold for WBC, we examined the sensitivity/specificity pairs for various points on the ROC curve. Table 3 shows the sensitivity, specificity, positive predictive value, and the percentage of all eligible children above the threshold value for various cutoff points of WBC.
CHART AUDIT
A total of 586 patients visited the ED in the 12 weeks represented by the first week of each month of 1996. Of these patients, 8 (1.4%) were found to have an incorrectly coded discharge diagnosis recorded in the computer database. Eighty-nine patients (15.2%) were recently or currently being treated with antibiotics and 1 patient had been immunized within the previous 48 hours.
COMMENT
Our study is the first large cohort study to document the rate of occult bacteremia, in the post-H influenzae type b era, among an unselected population of children typically considered at risk for occult bacteremia. All 3-to 36-montholdhighlyfebrilechildrenwereincludedunlesstheyrequired hospitaladmissionfromthatvisit(soasnottoinclude"toxic" or ill-appearing children in this analysis) or had a specific viral or bacterial diagnosis other than otitis media. Before introduction of the H influenzae type b conjugate vaccines, this organism accounted for 13% of occult bacteremia in this age group and 42% of the complications identified at follow-up. 1 We found that in our area where immunization rates are high we had complete elimination of H influenzae type b from our population. Streptococcus pneumoniae now accounts for 92% of all cases of occult bacteremia with Salmonella species; N meningitidis, group A streptococci, and group B streptococci are responsible for the rest.
The rate of occult bacteremia found in our study (1.6%) is lower than previously reported and cannot be completely explained by the disappearance of H influenzae type b. Approximately 15% of the children in our study group had been recently vaccinated or were already receiving antibiotics at the time the blood culture was drawn (exclusion criteria for many previous studies) and if these children are at lower risk of bacteremia, we may slightly underestimate the risk of bacteremia in the rest of the population. However, removing these 15% from the study denominator would not alone account for the reduced rate of bacteremia found in our study. We postulate that much of the reduced rate seen is because of our high rate of drawing blood cultures. Blood cultures were obtained in a much higher proportion of children than seen in previous studies (79% vs 10%-40%). 3, [16] [17] [18] [19] [20] These studies likely experienced some clinical selection bias in the drawing of cultures that may have caused a higher rate of positivity.
The low rate of bacteremia in the 3-to 6-monthold age group has been noted previously 3, 20, 21 and may be the result of lower nasal colonization rates and passive immunity conferred by maternal antibodies. Nonetheless, this is the peak age for the development of pneumococcal meningitis. 22, 23 Therefore, we continue to be cautious with this group. 
